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ABSTRACT 
STEADY STATE OXYGEN COST OF ARM ERGOMETRY 
USING THE MONARK REHAB TRAINER 
BY GREGORY R .  GRAZEN 
thi s  study was desi gned to determi ne the steady state oxygen cost of 
arm crank ergometry with the Monark . Rehab Trainer, a device used for 
exercise  trai n i ng i n  many cardiac rehabi l i tation programs . Fi fteen 
mal e  C25 . 2  yrs. ± 4 . 1 )  and fi fteen· fema l e  C23 . 8  yrs. ± 4 . 0) subjects 
were tested i n  the seated posi ti on with the mid-point of the crank 
wheel adjusted to shoulder height. No attempt was made to stabi l i ze 
the shoulder g ird l e, as thi s i s  typi cal l y  not done when training with 
thi s devi ce.  The test protocol for both groups consi sted of 
progressi ve three minute work stages fol l owed by a thi rty second rest 
period. Cranki ng rate was set at 60 rpm. Presented below are the 
mean oxygen uptakes CV02/ml mi n . )  per workl oad for the two groups . 
KPM/Mi n .  50 1 00  1 50 225 300 450 600 
vo2 Females 625 . 6  721 . 8  944 . 1  121 5 . 9  1 4 1 3 . 2  
ml /mi n .  Males  120.0• 856.3. 956 . 4  1403 . 1  1 833.4 2333.8 
•Males v s .  Females P < 0.001 
Oxygen uptakes from the non-maxi mal workloads were used to develop 
predi ction equations for the steady state oxygen cost CV02 ml /mi n . )  of 
·arm crank ergometry with thi s  device.  For ma 1 es :  V02 ml /mi n .  • 2 .  9 
Ckpm) + 563 . 3  C r  • . 98 ;  SEE • 96.3) .  For females :  V02 ml /mi n .  • 3 . 3  
Ckpm) + 436 . 3  C r  • 95 ; SEE • 88 . 3) . These data suggest that when 
trai n ing on the Monark Rehab Tra i ner without shoulder stabi l i zation. 
the oxygen cost of workloads between 1 50-600 kpm/minute is greater for 
males (mean • 3 1 2 . 3  ± 30. 9  ml /min), and fema l es <mean • 3 1 4 . 8  ± 1 9 . 5  
m l  /mi n . ) .  than that pred1 cted by Frarik1 1 n and Vander for ma 1 es and 
females on the Schwi nn Model EX2 cyc l e  ergometer respecti vely. Thus . 
the present equations may result i n  more appropriate workloads for 
patients using thi s  type of trai ning devi ce.  
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CHAPTER 1 
INTRODUCTION 
Graded exerci se testing and exerci se trai ning are wel l  establi shed 
tool s for diagnostic and functional evaluation of subjects serving as 
a means of prevention for heal thy popul ations and rehabi l i tation for 
populations with a h i s tory of cardiac events or r i sk factors . Most 
tests and exerci se regimes require l eg work, but al ternate methods 
i nvol vi ng arm work are needed for popul ations employed i n  manual l abor 
or those who are l i 111i ted to the use of their upper body. Al though 
methods to pred i ct arm-exercise  oxygen uptake from the subject's body 
weight and power output have been establ i shed ( 2 ,  21,  52) , these 
pred1ct1on equations· ma.y not be suitable  to arm exerche using the 
Monark Rehab Trainer i n  a trai ning envi ronment where uppar body 
stabi 1 1  zati on may not be practi ca 1 .  Thi s 1 ack of stab1 1 i zati on 11ay 
result  i n  i ncreased oxygen consumption during upper body exercise  at a 
given externa 1 work load due to ut1 1 i zation of mus cl es of the back, 
shoulder and chest. For thi s reason the oxygen cost of exerci s ing on 
the Monark Rehab Trainer wi thout upper body stabi l i zation needs to be 
identified.  
Previously arm ex�rci se testing protocols have uti l i zed 1 50 kpm as 
the i ni tia l  work load. Many unfit or symptomati c i ndividual s would  
need a 1owet i n1 t1al  work load, as  wel l as a l ower trai ning work. 
1 oad . Thi s study wi 1 1  1 denti fy the oxygen cost -of work 1 oads be 1 ow 
1 50 kpm, and i nvesti gate the effects of smal l er i ncreases i n  work load 
per test stage. 
1 
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Stateraent of the Prob 1 em . 
. · The purposes of the �tudy were to measure the cardiorespi r�tory 
response� of males and fellli.les  �uring U1btnaximal and maxi mal arm work 
on a Monark. Reh�b Trainer, to develop a predi ction equation that may 
be used to estimate.the steady state oxygen cost of ar� ergometry when 
di rect measurement i s  not feasi ble; and to compare the resul tant 
predi ction equati on devel oped for the Monark Re�ab Trainer with 
predi ction equati ons devel oped by < Frankl i n  et al . ,  1 983) for males 
and CVander et a 1 . ,  1 984) for fema 1 es, both using a modified Schwinn 
model EX 2 cycle  ergometer. 
HuJJ Hypothesis 
There i s  no di fference i n  cardiorespi ratory responses as measured 
by oxygen-consumpti on , pulmonary vent i l ation, heart rate, respi ratory 
exchange ratio or rating of perceived exertion between males and 
females using the Monark Rehab Trainer or the Schwinn model EX 2 cycl e  
ergometer. 
Delimitations 
The subject population was del i mi ted to fi fteen ma l e  and fi fteen 
femal e vol unteer graduate and undergraduate students at Eastern 
I l l i noi ·s University. The subjects were a l l  active .• apparently heal thy 
and between the ages of ni neteen and thi rty-si x  years .  
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Because medi cal super.vision was not avai lable,  cardiat and other 
high risk populations were not studied. The equi pment was del i mi ted 
to use of the Monark Rehab Trainer rather than· maki ng compari sons 
between other arm ergometers.  
The i nvesti gator attempted to control equi pment malfunctions 
i nc l uding valve l eaks , ergometer i naccuracy, computer error and human 
error. Subject apprehension, unfami l i arity and motivation may have 
i nfl uenced resu lts .  
Definitions 
To promote a better understandi ng of the terms used i n  this study, 
the fol l owing terms and concepts are defined. 
Aerobic Capacity 
The abi l i ty to consume oxygen .  
Angina Pectoris 
I 
Cardiac or. heart pain caused by an imbalance between the oxygen 
supply and demand . 
Anaerobic Threshold 
That intensity of work l oad or oxygen consumption i n  which 
anaerobic metabol i sm 1s accel erated , i .e . , production of l actic 
acid .  i ncreased minute venti l ation, i ncreased carbon dioxide 
production. 
4 
Borg Scale 
A scale  used for ratings of perceived exertion CRPE> that consists 
of numbers from 6 to 20 with descriptive words printed along s ide 
every other number. rangi ng from 7 <very. very l i ght) to 1 9  <very. 
very hard ) .  
Cardiac Output CO> 
The vol ume of blood pumped from the ventri cles of the heart per 
unit  ti me; the product of the stroke vo 1 ume and the heart rate 
usual ly expressed 1 n  l i ters per minute. 
Chronotrop1c 
The heart rate response to work. 
CHS Lead .System 
An el ectrocard1ograph1c l ead system with the pos i ti ve el ectrode 
p 1 aced at the VS precordi a 1 pos 1 ti on and the negative e 1 ectrode 
placed over the 111anubrium. 
Coronary Artery Di sease <CAD> 
01 sease of the coronary arter1 es resulting from atherocl eros1s  
which may result  i n  i nsuffi cient coronary blood flow. 
Diastolic Blood Presssure 
The resting phase of the cardiac cyc l e .  
5 
Qyspnea 
Shortness of breath 
Electrocardiogram 
A recording of the el ectrical acti vity of the heart. 
Ergometer 
Ergo • work, meter • measure; a device which can measure external 
work done, e . g . ,  bike ergometer or arm ergometer. 
Hemodynamics 
The study of the physi cal laws governing blood flow. 
Iscbemia 
Reduced oxygen supply to tissues because of l i mited blood flow. 
Kilopond <KP> 
The force acting on •resistance of 2.2 pounds .  
Kilopood Heter Ckpm> 
A work uni t represented by the product of force multipled by 
di stance. 
Lactic Acid <LA> 
A metabol i te of glycolysi s resulting from the i ncompl ete breakdown 
of al ucos@. 
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Minute Ventilation <YE> 
The a1ROunt of air expired i n  one minute <usual ly expressed i n  
l i ters of air per minute) . 
Oxygen Uptake <Y02> 
The vol ume of oxygen consumed per mi nute < usual ly expressed 1 n  
l i ters per minute ) .  
Rating of Perceived Exertion CRPE> 
A subjecti ve esti mate (with use of the_Borg Scal e) of overal l 
fatigue. 
Rate-Pressure Product CRPP> 
A product of heart rate and systol i c  blood pressure often related 
i n  conjunction with an anginal threshold i n  subjects with a 
hi story of angi na. 
Respiratory Exchange Ratio CRER> 
The ratio between carbon dioxide produced and oxygen consumed 
CVC02/V02) during the metabo l i sm of foodstuffs. 
Stroke Volume CSV> 
The amount of blood pumped by the l eft ventri c l e  of the heart per 
beat. 
7 
Systolic Bl ood Pressure 
The pressure exerted against the arteri al wal l during the 
contract i l e  phase of the cardiac cyc l e .  
Ventilatory Eguivalent 
The ratio mi nute venti l ation to oxygen consumption symbol i zed 
VE/V02, where endurance trai ning wi l l  i ncrease V02. 
Hatt CH> 
A power unit equival ent to 6 kpm. 
CHAPTER 2 
REVIEW OF THE RELATED LITERATURE 
Thi s chapter has been organized to review research rel ated to arm 
exerc i se testing. Graded exercise testing i s  now wel l establi shed as 
a tool for c l i n 1 cal evaluation of patients w1th 'i schemic heart 
dhease. Standard modes of exerc1 se test1 ng are based on the use of 
treadm1 1 1 s ,  bicycles or· the step bench. Oxygen requi rements at a 
given external work l oad for these exercise modes are predictable and 
wel l def1ned (2) . 
Prediction equations for oxygen requirements of arm ergometry i n  
11ales and femal es using a 110dified Schwinn model EX 2 cycle  ergometer 
have been devel oped C2l, 52) .  Alternative types of arm ergometers are 
avai lable and are being used. For these, such as the Honark Rehab 
Tra1ner, the oxygen requi rement.has yet to be defined, and a different 
prediction equation may be app.ropr1ate. 
Physiology of tbe Uoper Extremity 
Numerous studies have compared upper extremity exerc 1 se to 1 eg 
exerc i s e  (4-12, 21,  48-S3) .  The general concl usion from these 
i nvest1 gat1ons i s  that submax1mal arm exerci se i s  performed at a 
greater physiological cost than i s  l eg exerc i se .  At maximal effort , 
however, physiolog1 cal responses are general ly greater i n  l eg exercise 
than in ann exercise (20) . 
8 
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At gi ven submaximal work. load s ,  heart rate. systol i c  and diasto·l i c  
blood pressure, rate-pressure product. minute venti l ation ,  oxygen 
uptake, respi ratory' exchange ratio and blood l actate concentration are 
higher. whi l e  stroke volunte and anaerobi c  threshold are l ower during 
arm exerc i se compared with l eg exerc i se cs. 7, a. 18,  20. 21.  51 ) .  At 
a given oxygen uptake. cardi ac output 1 s  nearly the same i n  arm and 
1 eg exercise C3) .  the el evated blood pressure during the arm exercise· 
is  bel i eved to reflect i ncreased per1pher1al vascul�r r�si s tance C51 ) .  
The di fference i n  card_iorespi ratory and hemodynami c responses to 
arm exercise  versus l eg •xercise at identical work loads appears to be 
due to severa 1 factors C20) . Mechan1ca1 effici ency i s  lower during 
arm exercise  than l eg e><ercise  C 17, 20, 51 ) .  Thi s  may be due to the 
invol vement of smal l er aauscl t  groups and the static effort required 
with-arm work., which i ncreases oxygen consumption but does not affect 
the external work. output. The greater rate-pressure product and 
est1 11&ted myocardial oxygen consu111>t-i on at a given external work load 
for a.rm work. compared with l e9 work 1 s  bel i eved to reflect i ncreased 
s}'llpathet1c tone during ara exercise.  perhaps mediated by reduced 
stroke · vol ume with COMPensatory tachycatd1a .  concomttant 1 sometrtc 
contraction or vasoconstr1 ctt on i n  the nonexerct sing 1 eg nKJsc 1 es or 
a l l  these factors cs. 9,  53) . 
Maximum oxygen consumption during arm exercise i n  men general ly 
varies between 64 and 80 percent of l eg V02 maximum. Simi l arly. 
inaxi 11al cardiac output i s  l ower during arm exercise  C011Pared with l eg 
exercise  (7, 20,. 51)  whereas the N.ximal heart rate, systo l i c  blood 
pressure and rate-pressure product are comparabl e  or- s l 19htly l ower 
during arm-ext.rc1se  ( 1 7. 1 8 ,  20. 46, 48) .  
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Imol1cat1ons for Arm Exercise Testing 
Standard exerc i se testing has been well established based on 
dynami c l eg exerc i se using a treadmill , bi cycle or step bench. 
Predi ction equations for work on the treadmi.1 1 ,  bicycle and step bench 
have been establ i shed (2) .  Al ternate testing methods i nvolving arm 
exerci se al low for the evaluation of chronotropi c  response and aerobic 
capaci ty where l eg exercise  testing is  not appropriate (6,  1 8 , 20, 32 , 
44, 46) .  Thi s 1 s  apparent 1 n  subjects such as paraplegi cs ,  amputees , 
persons w1th severe arteriosclerosi s  i n  the lower extremi ties or 
di sabling arthri tic  and awsculosk.el etal problems . Arm exerc i se 
provides a sati sfactory means of detecting myocardial i schemia through 
a d i agnostic  test reveal i ng ST-segment, depression, and/or symptoms 
such as angina pector1 s (46, 48) .  
Several studies have examined the abi l i ty of leg or arm testing to 
predict arm or leg perfom&nce capacity, respecti vely C3,  6 ,  9 ,  1 5 ,  
21 , 46) .  The results of these studi es have shown a very weak range of 
correlation i nd i cating that l eg and arm testing are poor predi ctors of 
an11 and leg perforunce c�ci� •. respectively. This i s  i mportant i_n 
relation to spec i fi c i ty of trai ning.  Numerous stud i es of normal 
subjects and cardiac patients have i nvesti gated the card1oresp1 ratory 
and metabol i c  adaptations of trained versus untrained muscles to 
physical condition i ng ClO. 1 1 ,  20, 33, 38, 52 . 53) .  ResultJ have 
gener11 ly shown that arm and l eg trai ning cause only minor 
i mprovements i n  subllaximal and ma�i1nal leg �nd arm exerci se responses , 
r�spectively. After endur1nce trai ning of one Hmb or set of limbs, 
several i nvestigators have -reported i ncreases i n  V02 max aAd anaerobic 
threshol� or decreases i n  heart rate. bl ood l actate. pultn0nary 
1 1  
venti l ation, ventilatory equ1valent, b lood pressure, and perceived 
exertion .during submax1 ma·l exerc i se with trained but not untrained 
limbs (10, 1 3 ,  20, 31 , 33,  38 , 42 , 43 , 49) . These " l i mb-speci fi c" 
trai n i ng effects imply that a substantial portion of the conditioning 
response i s  attributed to extracardi ac or peri pheri a 1 factors, for 
example,  alterati ons i n  blo6d flow cellular and enzymati c  adaptations 
i n  the trai ned l i mbs alone ( 1 3 ,  20, 29, 43) . 
The limi ted degree of cardiovascular and metabol i c  crossover 
benefi ts of trai n i ng from one set of 1 1  mbs to another appears to 
di scount the genera 1 pract1 ce of restri cting aerobi c cond1 t ioni ng to 
the lower extremi ties alone (20, 26, 28) . Many ·recreational and 
occupational activiti es require sustained arm work to a greater extent 
than l eg work ( 1 9 ,  20, 25,  27) . Consequently, i ndivi dual s who rely on 
their upper extremi ti es should be advised to train the arms as well as 
the l egs,  with the expectation of i mproved cardiorespi ratory, 
hemodynami c ,  and perceived exerti on responses to both forms of 
effort. Such adaptations would particularly benefit cardiac pati ents 
who are l i mi ted by angina pectoris at ·relatively low l evels of 
upper-body exertion (20) . 
Eguipment Used 1n Arm Exercise Test1ng 
No studies uti lizing the Monark Rehab Trainer have been reported . 
Conventi onal arm cycle ergometers or leg cycle ergometers for arm 
testing, are designed as rate-dependent devi ces, meani ng that power 
output and oxygen uptake are dependent on cranking rate and offer a 
graduated work load scale, expressed 1 n  kpM/mi n or watts, at a 
constant cranki ng rate of fi fty or sfxty revolutions per minute. 
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Never ergometers are avai lable that are rate-i ndependent, meani ng that 
power output and oxygen uptake are i ndependent to the cranking rate 
(20) . 
Methods and Protocols 
In developing an exerc i se test protocol many parameters must be 
taken i nto account.  Exi sting protocols define i ni ti a 1 work 1 oad and 
work load i ncrements per stage, durati on of di scontinuous or 
continuous stages, cranking rates and test end points; Table I 
summarizes the various test protocols (6 ,  1 5 ,  1 7 ,  20, 21 , 31 , 33. 43. 
46, 52' 53) . 
Special Considerations 
Special · cons1derat1ons are necessary i n  exerc i se testing to 
provi de an appropri ate protocol for the subjects being tested. 
Initial work loads and i ncrements per stage should be selected 
i ndi vi dually and be based on the purposes of the test (20) . Early 
fatigue must be considered as an influence to selection of protocol 
because i n  most populati ons condi tioning of the upper extremity i s  low 
(55) . Low tn1 ti a1 work loads ,  usually below 1 50 kpm and sma 1 1  work 
load i ncrements per stage are necessary when testing cardiac ,  elderly 
or symptomati c subjects due to very low levels of condi tioning. It i s  
also desi rable wi th these populations , to produce s i9nifi cant ECG 
changes and/or symptoms at a work load as close as possi ble to the 
mi ni mum 1 oad at wh1 ch these symptoms occur, so that an accurate and 
safe exercise prescription may be developed (46) . It has been found 
that these measurements are best obtained by pausi ng bri efly between 
stages (20) . The · 1 ength of the pause necessary to obtain a high 
TABLE I 
Am Erg011eter Exercise Testing Protocols 
Work Lo.cf 
Initial Incre.ents Duration of Cranking Discontinuous (0) 
Work Load Per Stage Stage Rate or Continuous (C) Test End 
References {kpia/•in) (lcp!l/•in) (111in) (rpia) Stages Points 
Wahren & Bgydeman ( 1971) Indhidua lly 100-150 6 Not Given c Angina 
Detenained 
Shaw, et al. (1974 200 100 3 40 c Ischenic ECG, 
greater than or • 90% 
tR lll&X., chest pain, 
dyspnea, or fatigue. 
Schwade, et al. (1977) O resistance 150 3 50 D; 1-min rest period Abnormal ECG or chest 
pain; fatigue or 
shortness of breath. 
Fardy, et al. (1977) 150 150 4 60 O; 2-min rest period Less than 60 rpm 
Bar-Or & Zwiren (1975) Individually 150 2 50 c Volitional fatigue 
Detemi ned; 450, 
600, or 750 
DeBusk, et al. (1978) 150 150 3 Not Given O; 1-min rest period Angina, dyspnea, 
fatigue 'or rRUscle 
discomfort, arrhyth-
mias 
Magel, et al. (1978) 0 resistance Stage 1 • 4 40 O; 10-min rest period Volitional fatigue ..... 
240; 120 w 
increments 
thereafter 
TABLE I (continued) 
Al"'ll Ergoaieter Exercise Testing Protocols 
Work Load 
Initial Increments Duration of Cranking 
Work: Load Per Stage Stage Rate 
References (kJ>M/min) (kpm/11in) (min) (rpm) 
Lazarus. et al. (1981) 100 Stage 1 - 150; 3 60 
100 increments 
thereafter 
Franklin (1983) 150 150 3 50-60 
Vander (1984) 150 150 3 50-60 
Discontinuous (D) 
or Continuous (C) 
Stages 
c 
c 
c 
Test End 
Points 
Angina 
Inability to maintain 
50-60 RPM 
Inability to maintain 
50-60 RPM 
..... .ia 
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qua11ty 12-l ead ECG and a rel i ab l e  bl ood pressure measurement i s  only 
about 15 seconds .  A protocol such as thi s is referred to as 
di scontinuous (20) . 
Aerobic Requirements of Arm Ergometry 
Unti 1 recently (21,  52), a predi ction equation for the aerobic 
cost of arm exerc i se was not avai l able .  <Frank l i n  et al . ,  1 983) 
devel oped a prediction equation for males i ndicating that the 
regression of arm V02 on power output was Y • 3 .06X + 1 91 (Y • V02 i n  
ml /min; X • work. l oad i n  k.pm/mi n) , where r • 0.91  <r  • l evel of 
correl ation between arm V02 and work l oad , where . 91 s igni fies a high 
degree of relationship) and S Y (X) • 1 91 . 6  <S Y (X) • the standard 
error of the estimate> C21 ) .  
(Vander et al . ,  1 984) Using the same protocol , devel oped a 
prediction equation for femal es i ndicating that the regression of arm 
V02 on power output was Y ··3.04X + 1 80 CY • V02 i n.ml /min; X • work 
l oad i n  kpm/mi n ) ,  where r .  0.86 Cr . l evel of correlation between V02 
and work l oad, where .86 s ignifies a high degree of relationshi p) .  
Both studies used the Schwinn EX 2 cycle  ergometer adapted for arm 
ergometry. The Schwinn model EX 2 i s  a bicyc l e  ergometer modified for 
arm work.. Removabl e  bicyc l e  hand grips were fi tted over the pedal s .  
Cl amps secured the ergometer to a sturdy table  and a padded 
breastplate hel ped to standardize arm position.  It was concl uded that 
there was no s igni fi cant di fference between males and female subjects 
i n  the V02 response to submaximal arm work. when the testing was 
performed on thi s equipment. 
Based on these resu l ts the American Col l ege of Sports Medi c i ne has 
1 6  
adopted a regression equation predi cting the oxygen cost of arm 
ergometry. The equation i s  as fol lows: 3 .0  ml /kg/min X kgm/m1 n  + 3.5 
ml /kg/min X kg CBH) (2) . 
CHAPTER 3 
METHODOLOGY 
The description of subjects .  use of equipment. and data collection 
are explai ned i n  thi s chapter. 
Subjects 
Fi fteen males and fi fteen females between the ages of 19 and 36 
served as subjects .  The mean age was 24 . 5  years . mean weight was 68 . 5  
ki l ograms . mean fat percentage. was 17  . 5  percent whi l e  the average 
resting heart rate was 63 beat.s per minute. The mean blood pressure 
value for the group was 1 18/78 nlllHg .  
The mean age for the ma 1 M' was 25 years and the mean weight was 
77 . 2  kilograms . The ma 1 es• tMtan fat percentage was 1 1 .  9 percent. the 
mean resting heart rate was .. 61 ·beats per rni nute and blood pressure 
averaged 123/80 lllllHg (Table I I ) .  
The mean age for the females was 23.8 years. and the mean weight 
was 59 .7  ki logra�s. The f1t1ales1 mean fat percentage was 23.2 
percent. mean rest1 ng heart rate was 64 beats per m1 nute and inean· 
blood pressure was 1 1 3/75 INRHg (Tabl e III}. Al l of the subjects 
vol unteered to partici pate i n  the study without remuneration and both 
oral and written consent were obtai ned prior to testing (Appendix A) . 
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SUBJECT 
c.c. 
c.s. 
M . H .  
G.G.  
D . M .  
D . C .  
G . R .  
s.c. 
J . A .  
J .Y .  
T .C .  
J . F .  
D . D .  
T.C.  
R . F .  
MEAN 
SE ± 
AGE (Yrs) 
22 
22 
30 
24 
30 
28 
29 
33 
20 
27 
26 
21 
2l 
21  
24 
25.2 
4 . 1 0  
TABLE II 
Characteri sti cs of Males 
HEIGHT Ckg) 
83 . 6  
70 . 3  
78 . 8  
76 .8  
77 .0  
82 .5  
83 . 3  
64.6 
63. 7  
54 .3  
77 .4  
8 1  :3 
93 . 5  
74. 2  
97 .0 
77 . 2  
1 1  .03 
1 FAT 
1 1 .4 
5 . 9  
9 .7  
7 .0  
14 .0  
1 4 . 5  
1 0 . 5  
4 . 3  
4 . 5  
8 . 0  
1 4 . 3  
1 5 . 4  
1 9 .8  
1 7 . 2  
21 . 9  
1 1 . 89 
5 . 44 
RHR 
76 
48 
60 
55 
72 
60 
60 
45 
54 
60 
66 
60 
66 
72 
60 
60 . 93 
8 . 58 
1 8  
RBP 
1 38/84 
1 08/68 
1 24/82 
1 38/86 
1 32/88 
1 24/86 
108/56 
1 1 4/80 
104/70 
1 1 6/84 
1 22/94 
1 26/88 
134/78 
1 1 0/80 
146/70 
1 23/80 
1 3110 
SUBJECT 
K .S .  
S . B .  
L . D .  
T . Q .  
D . G .  
L . H .  
K . T .  
C . E .  
K.C. 
K .L .  
LL.  
M . H .  
E . F .  
N . R .  
S . H .  
MEAN 
SE± 
AGE (Yrs) 
23 
23 
20 
22 
28 
26 
22 
36 
24 
23 
23 
2 1  
22 
1 9  
26 
23 .8  
4 .08 
TABLE III 
Characteristics of Females 
HEIGHT Ckg) 
60. 9  
55.0 
64 . 2  
59 . 8  
59 .5  
65 . 4  
57 .. 0 
63.9 
63 .0  
64 . 5  
58 .0 
54. 5  
45. 3  
68 . 1 
57 . 1 
59 . 7  
5 . 66  
1. FAT 
30.0 
17 . 8  
25 .6  
20.0 
23. 1 
24. 5  
20 . 3  
21 .6  
27.2 
29 . 8  
26 .3  
26.0 
1 6 . 9  
1 9 . 4  
1 8 . 9  
23. 1 
4 . 25 
RHR 
64 
64 
60 
60 
60 
54 
60 
66 
60 
90 
75 
60 
44 
75 
75 
64. 4  
1 0 . 80 
1 9  
RBP 
1 1 8/66 
1 10/70 
126/86 
1 30/80 
100/62 
1 1 2/68 
104/70 
1 32/90 
1 02/70 
1 10/76 
108/78 
1 1 2/84 
108/78 
1 1 4/74 
1 12/78 
1 13/75 
10/8 
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Testing ProcediJre 
The subjects reported to the laboratory one hal f hour before their 
scheduled testing time. Prior to th1 s .  the subjects were i nstructed 
not to consume food , beverage or substances other than water within 
three hours of the test time. They were also i nstructed to refrain 
from exercise the day of testing. 
Upon entering the l aboratory the subjects read and si gned a 
statement of i nformed consent. Age, body weight, heart rate , resting 
bl ood pressure and skin folds were measured and recorded. At thi s 
time subjects were also i nstructed as to the protocol and procedures 
to be used during the testing. 
Body density was predicted using the skin fold technique and the 
regression equation of Jackson/Po l l ock (30 ) .  The body density was 
converted to percent body fat. by the Siri equation (29) . 
Arm testing was performed using a Monark· Rehab Trai ner . on which 
the crank rate and l oad resistance could be measured and contro l l ed .  
The arm crank was posi t1oned so that subject was seated upr1 ght with 
h1 s/her feet flat on the floor. The arm ergometer was mounted on a 
tabl e that was 7 1 . 5  centimeters high. Hooden boards C l "  x 4")  were 
positioned around the ergometer and mounted to the tab l e  with C-clamps 
for stabi l i zation. The arm ergometer was adjusted so that the 
midpoint of the crank wheel was l evel with the anterior-superi or 
axi l lary crease of the ar•pit .  During cranking the arms were extended 
at right angles to the body, a Howi ng a s 1 i ght bend i n  the e l  bow. at 
maximum reach, s i mi l ar to the l ower. l eg extension i n  fitting a bicycle 
for maxi mum effici ency. 
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Hi th the exception of the work 1 oads. ma 1 es and fema 1 es were 
tested with i dentical, di scontinuous, progressive, multi -stage 
Exerc i se stages were three minutes in  duration a l l owing a 30 
second rest between stages, which was used to meas·ure blood pressure 
and record an el ectrocardi ogram using a CMS l ead system. There was a 
one mi nute warm-up at zero resi stance and cranki ng rate was set at 60 
revolutions per minute. Hork l oads for males and females i ncreased 
each stage as i ndi cated 1 n  Tables IV and V .  Test end points i ncl uded 
i nability to mai ntain a cranking rate of 60 rpm, and vol i ti onal 
fatigue. 
The Borg Sea 1 e of perce1 ved exertion was empl oyed to enab 1 e the 
subjects to express their feel i ngs of fatigue at submaximal and 
maximal work. l oads . The scale consists of 1 5  numbers , 6 through 20, 
with descr1pt1ve adject1ves·as fol lows : 
7 • very, very l i ght; 9 • very li ght; 1 1  • fairly l i ght;  1 3  - somewhat 
hard; 1 5  • hard ; 1 7  •very hard and 19 . very, very hard (Table VI ) .  
Metabo l i c  data was collected and updated every 30 seconds using 
open ci rcuit spi rometry with the use of an REP200B Data Acquisi tion 
system C 1 1  > .  A Rayfi e 1 d R�9200 Res pi rometer '(as used to measure 
1 nsp1ratory vent1 1atory volumes.  Appl i ed El ectrochemistry Oxygen 
CSA-3) and Carbon Dioxide CCD-3A) analyzers measured expi ratory oxygen 
and carbon dioxide fractions . The resu l ti ng i nformation was 
integrated i nto an Apple Ile mi crocomputer. Thi s  system assembly 
.all owed for on-l i ne measurements of oxygen uptake CV02) expressed i n  
1 1  ters per minute and ml /kg/mi n ,  minute venti 1 a ti on CVE/mi n ) ,  carbon 
dioxide production CVC02/mi n) , and respi ratory exchange ratio 
CVC02/V02 ) .  Before testing, the oxygen and carbon dioxide analyzers 
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TABLE IV 
Arm Exerc i se Protocol ,for Males 
STAGE TIME CHIN) KPM/MIN RPM 
I 0-3 50 60 
• 30 Second Rest Period 
II 3 : 30-6:30 100 60 
• 30 Second Rest Period 
III 7 : 00-10:00 1 50 60 
• 30 Second Rest Period 
IV 1 0:30-13:30 300 60 
• 30 Second Rest Period 
v 14:00-17  :00 450 60 
• 30 Second Rest Period 
VI 1 7:30-20:30 600 60 
.. 30 Second Rest Period 
VII 2 1 : 00-24:00 750 60 
*For measurement of bl ood pressure and el ectrocardi ogram 
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TABLE V 
Arm Exerc i se Protocol for Females 
STAGE TIME (MIN) KPM/MIN RPM 
I 0-3 50 60 
• 30 Second Rest Period 
II 3 : 30-6 :30 100 60 
• 30 Second Rest Period 
Ill 7:00-10:00 1 50 60 
• 30 Second Rest Period 
IV 1 0:30-1 3:30 225 60 
• 30 Second Rest Period 
v 14:00-17:00 300 60 
• 30 Second Rest Period 
VI 1 7 : 30-20:30 375 60 
• 30 Second Rest Period 
VII 21 :00-24:00 450 60 
• 30 Second Rest Period 
*For measurement of bl ood pressure and el ectrocardi ogram 
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TABLE VI 
The Borg Scale of Perceived Exertion 
Number Descriptive Adjective 
6 
7 - very. very l i ght 
8 
9 • very l i ght 
10 
1 1  • fai rly l i ght 
1 2  
1 3  • somewhat hard 
1 4  
1 5  - hard 
1 6  
17  • very hard 
1 8  
1 9  - very. very hard 
20 
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were cal i brated with room air and a reference gas with known oxygen­
carbon dioxide concentrations . El ectrocardi ogram and heart rate 
determi nations were made with a Burdick Model EK-8 el ectrocardi ograph 
using a CM 5 lead system. 
Statistical Treatment 
Stati sti cal analys i s  .included cal culations of means and standard 
errors .  Student t-tests for i ndependent groups were used to test 
di fferences between males and females i ncluding V02 , VE , HR, RER, and 
RPE. 
The 0.05 1 eve1 of confidence· was· chosen to denote stat1 st1 ca1 
s 1gn1f1 c�nce i n  the st udy. Oxygen consumption CV02) versus work load 
relationship was subjected to trend analysi s  using li near regression 
techniques for both ma 1 es a.nd f• 1 es data, also i ncl uding va 1 ues of 
correlation and standard et"ror. 
CHAPTER 4 
ANALYSIS OF THE DATA 
The purposes of thi s  study were to measure the cardiorespi ratory 
responses of ma l es and females during submaximal and maximal arm work. 
on a Monark. Rehab Trai ner. to develop predi cti on equations that may be 
used to esti mate the steady state oxygen cost of arm ergometry when 
di rect measurement i s  not feas i b l e .  and to compare the resul tant 
prediction equations developed for the Monark. Rehab Trainer with 
predi ction equations ·develop.�d by ,<Frankl i n  et al . .  1 983) for males 
and CVander et a 1 • , 1 984) for fema 1 es both usi ng a modi fied Schwi nn 
model EX2 cycle  ergometer. 
Ox�gen Uptake CV02> 
,figure 1 presents both male and femal e val ues for arm V02 C l /mi n)  
versus work.load regression obtained in the study using the Monark. 
Rehab Trai ner. The arm V02 versus workload relationship  for males was 
Y • 2 . 9  x + 563 . 3  CY . V02 1 n  ml /mi n ,  x .  workload i n  le.pm/mi n) , r • 
. 979,  standard error• 96.30 ml /mi n .  In  comparisOQ; the arm V02 verus 
workload relationship for females was Y • 3 . 3  x + 436.3 CY • V02 1 n  
ml /mi n ,  x • work.load 1 n  k.pm/mi n ) ,  r • .95, standard error • 88.30 
ml /mi n .  There was no s1 gni f1 cant di fference 1 n oxygen consumption 
between males and femal es at submax1mal work.loads between �50 and 300 
kpm. At 50 k.pni and 100 le.pm there was a signifi cant di fference 1 n  
oxygen uptake between ma 1 es and females equa 1 to 102 .4  111 /mi n and 
1 34 . 5  ml /min r�spectively. 
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FIGURE 1 
Comparison of regressions with predicted V02 (ml/min) fer males awld females, 
Monn Rehab Trainer vs. Schwinn Model EX2 Cycle Ergometer. 
MONARK RetAB { y • 2.9x + 563.3 (Males-Grazen) e 
TRAINER y = 3.3 x + 436.3 (FemaJes..Grann) o 
SCHWINN MODEL 
EX2 { y = 3.06 x + 191 (Males-Franklin) e 
CYCLE ERGellETER Y .. 3.04x + 180 (Females-Vander) O 
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Fi gure 1 al so compares the rel at\onship between arm V02 C l /mi n) 
and workload obtained i n · thi s  study and the data reported by Frankl in  
for males and by Vander for females (21 , 52) .  The regressions Y -
3.06 x + 19 1  ( Frankl i n ,  malesj and Y ·- 3.04 x + 1 80 (Vander. females) 
are nearly identical to one another. as are those developed in the 
present study. 
Males mean duration of protocol was approximately 1 7  minutes with 
a mean maxi ma 1 oxygen consumption of 2 .  29 1 i ters/mi n ± . 428 1 /mi n .  
Femal es mean duration of protocol was approximately 1 4  minutes wi th a 
mean maximal oxygen consumption of 1 .55 l i ters/min± . 310 l /mi n .  
Tab l e  VII shows mean .oxygen consumption (ml /mi n)  for males and 
females at each workload. There was a signifi cant di fference between 
males and females at 50 and 100 kpm/mi n ,  but no signifi cant di fference 
at other identical workloads. 
Pulmonary Ventilation CVE> 
The mean VE ( 1 /mi n)  data for ma 1 es and fema 1 es i s  shown 1 n Tab 1 e 
VIII . There was no si gni fi cant di fference between ma 1 es and fema 1 es 
for pulmonary minute venti l ation at any of the workloads compared. 
Rating of perceived Exertion CRPE> 
The RPE data i s  presented i n  Tabl e  VII I .  Females tended to have 
greater RPE's at 'workloads of 50-100 kpm/mi n .  but the di fference was 
not stati sti cal ly signifi cant. At workloads between 1 50-300 kpm/mi n 
there was a s i gn1 fi cant di fference between ma 1 es and fema 1 es . with 
females having signifi cantly hi gher RPE's at the 0.05 and 0.01 l evel s 
of confidence respectively. 
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TABLE vu· 
Mean Values for Oxygen Uptake (ml /mi n)  
Workload 
kpm/m1 n Males Fema l es 
50 128.0• 625 .6  
100 856.3. 721 .8 
1 50 956.4 944. l 
300 1403. 1 14 13 .2  
• Males vs Females P < 0.001 
TABLE VIII 
Mean Values± Standard Error of Pulmonary Ventilation 
and Rating of Perceived Exertion 
Workload 
VE 
C l /min . )  
RPE 
KPM/MIN 
50 
100 
1 50 
300 
50 
100 
*150 
••300 
• p ( .05 
•• p < .01  
Males 
1 8 . 58 ± 4 . 33 
23.82 ± 9 . 44 
24 .08 ± 2 . 86 
35.69 ± 4 . 26 
8 . 53 ± 1 .41 
10. 13 ± 1 .30 
1 1 .53 ± 1 . 55 
1 4 . 1 4±1 .75 
Females 
1 5 . 91 ± 2 .87 
1 9 . 07 ± 2 .53 
25.24 ± 5.41  
43.84 ± 9 . 70 
8 . 93 ± 1 . 983 
1 0 . 86 ± 1 .  96 
1 3 . 47 ± 2 .86 
1 7  .oo ± 1 . 58 
30 
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Heart Rates <HR> 
As shown in Table IX mean heart rate el evated at each workload in 
both males and females . Females had higher heart rates at all 
workloads between 50 and 300 kpm/min . when compared to mal es .  Levels 
of signifi cance at so. 100 and 300 kpm were P < 0:001 , and P < 0.01 
for 1 50 kpm/min . 
Respiratory Exchange Ratio CRER> 
Pre·sented in Tab 1 e IX are the RER va 1 ues for both ma 1 es and 
fema 1 es .  There was no significant difference between the groups at 
comparabl e  workload s .  
Discussion 
It i s  well documented that arm V02 max is lower in females than i n  
males (20) . As expected, this study indicates that females have a 
lower capacity for arm work as wel l .  Table X shows an average V02 max 
of 1 . 55 l i ters/minute for females vs .  2 .29 liters/minute for males in 
this st�dy and a mean value of 2 . 58 l iters/minute for normal males i n  
comparabl e  studies. The female resul t is consistent with the only 
other study examined on females by Vander et al (52) in which average 
V02 max was 1 . 60 li ters/min. 
Maximum heart rates for arm ergometry in the present study are 
consistent with results of other studies cs . 1 3 ,  1 7 ,  20, 48, 52) 1 n  
wh1 ch heart rates during arm and 1 eg ergometry were compared . Arm 
heart rate maximum 1 n those studies was 74 percent to 99 percent of 
the l eg heart rate max. Consequently,  as reported by Frankl i n  1 n  
males (20) , an arm exercise prescription that assumes a heart rate max 
equivalent to that during leg exercise  testing may result in an 
HEART 
RATE 
RESPIRATORY 
EXCHANGE 
RATIO 
••p < 0 .001 
• p < 0.01 
TABLE IX 
Mean Values ± Standard Error of Heart Rate 
and Respiratory Exchange Ratio 
Horkload 
KPM/MIN Males Femal es 
••so 82 . 6 7 ± 11 • 62 107 .71 ± 1 5 . 34 
••100 90.73 ± 1 3 . 69 121 . 50 ± 1 7  . 32 
. *150 100. 67 ± 1 9 . 63 1 36 . 87 ± 20 .21  
**300 11 9 .  57 ± 1 3 .  82 1 57.  00 ± 1 9 .  14  
50 .890 ± .150 .875 ± .090 
100 .897 ± .068 . 935 ± .060 
150 . 927 ± .058 . 971 ± . 1 1 3  
300 1 .004 ± .075 1 .068 ± . 121 
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TABLE X 
Compari son of Maxima.1 Heart Rate CHR Max> and 
V02 C l /min) i n  Response to 
Arm Ergometry i n  Males and Femal es 
STUDY HR MAX HR MAX V02 MAX 
(Author) (Males> (femal es) (Males> 
Vander et al (52) 1 69 
Frankl i n  et al  C20) 1 72 2 . 54 
Astrand and Sal tin (5) 177 3 . 27 
Dav i s  et al  ( 1 3) 184 2 . 34 
Fardy et al  ( 17) 174_ 2 .23 
Stenberg et al (48) 1 78 2 .55 
MEAN 1 77 1 69 2 . 58 
Present Study \55 1 69 2 . 29 
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V02 MAX 
<Femal es) 
1 . 60 
1 . 60 
1 .55 
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overestimation of the trai ning heart rate. In the present study 
female  mean maximal heart rate during arm exerc i se was 2 percent 
higher than those col l ected i n  ma l es (Tab l e  X). Females i n  the 
present study averaged 169 bpm vs .  165 bpm for males and 169 bpm for 
fema 1 es i n  Vanders (52) study and a mean max heart rate of 177 1 n 
stud i es revi ewed on mal es . 
Tabl e XI compares workloads and maximal cardiorespi ratory measures 
during maximal arm work for males and femal es i n  the present study to 
values obtained by Frankl i n  et al (20) on males and Vander et al on 
femal es (52) . 
As i n  Frankl i n  (20) and Vanders (52) studies femal es mean maximal 
capacity for arm work 300 kpm/minute i s  consi derably below the 580 
kpm/mi nute power output reported for mal es .  These mean maximal 
workl oads are also  both below those reported for females  by Vander 
(420 kpm/minute) and for males  by Frankl i n  (675 kpm/mi nute) (20. 52) .  
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These results are consi stent with the h igher submaximal values for 
oxygen uptake at each successive submaximal workload (Table  XII> when 
compari ng the present study to Frankl in  (20) and Vander (52) , thus 
resul ting i n  a l ower maximal workload with simi l ar maximum V02 
( l i ters/mi nute) val ues . 
Mean maximal oxygen uptake (mets) was s l i ghtly hi gher i n  previous 
studies on mal e s .  10 . 5  mets (20) and on females .  7 . 9  mets (52) 
compared to 8 . 5  mets and 7 . 4  mets for males and females respectively. 
Other cardiorespi ratory responses inc luding maximal pulmonary 
vent i l ation ( l i ters/mi nute> . maximal respi ratory exchange ratio. and 
maximal rating of perceived exertion were a l l  comparabl e .  
TABLE XI 
COl'llparison of Cardiorespiratory Measures During Maximal Ann Work (HEAN.! SE) 
Workload V02 V02 VE HR 
KPH/HIN (1/min) (METS) (1/min) (bpm) 
Present Study 
Hales 580 + 137 2.29 + 0.43 8.5 + 1.4 78.3 + 20.4 165 + 16 
Females 300 + 75 1.55 + 0.31 7.4 + 1.3 51.2 + 10.0 169 + 9 
Franklin et al 
Males {20) 675 2.34 10.5 + 1.8 84.7 + 22.6 172 + 12 
Vander et al 
Females (52) 420 1.60 7.9 + 1.5 57.8 + 15.9 169 + 12 
RER 
1.14 .! .08 
1.11 + .08 
1.06 + .09 
1.11 + .12 
RPE 
18 + 2 
18 + 2 
18 + 2 
18 + 2 
w c.n 
HORK LOAD 
Ckpm/m1nute) 
50 
100 
1 50 
225 
300 
450 
600 
750 
TABLE XII 
Comparison of Oxygen Uptake C l 1ters/m1nute) 
During ·submaxiinal Arm Hork CMEAN ± SE> 
GRAZEN FRANKLIN GRAZEN 
<Males) (Females < Femal es> 
.720 ± 0.09 .625 ± .07 
.85.6 ± o. 1 1  .721 ± .08 
. 956 ± 0 . 1 0  0.65 ± 0 . 1 1  . 944 ± .07 
1 .22 ± . 1 2  
1 .40 ± 0.09 1 .  10 ± 0 .08 1 .43 ± . 12  
1 .83 ± 0 . 1 4  1 .  56 ± o. 15 
2 .33 ± 0 . 1 4  2 . 08 ± 0 . 33 
2 . 34 ± 0.29 
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VANDER 
< Femal es) 
0 . 61 ± 0 . 1 1  
1 . 1 4  ± 0 . 1 0  
1 . 52 ± 0.24 
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Tables XIII and XIV were constructed to predict arm V02 in  mets , 
based on a constant VP2 C l /m1n>. with vari abl e  body weight for males 
and females respectively. These data compl ement previous studies C l ,  
16, 34, 37 , 39) that faci l i tate the predi ction of "steady state" V02 
expressed i n  ml/kg/min or mets , from walking or jogging speed and 
percent grade, stepping height and frequency, o.utdoor cyc l i ng speed, 
or the stati onary cycl e  ergometer resi stance setting corrected for 
body weight. These tables high l i ght the increases oxygen cost of arm 
exerci se wi thout shoulder stabi l i zation on the Monark Rehab Trainer 1 n  
compari son to the same work. on the Schwinn EX2 eye l e  ergometer with 
shoulder stabi l i zation. 
Arm exerc i se at given submax1mal workl oads 1 s  performed at greater 
oxygen costs than l eg exerci se i n  both males (20, 2 1 )  and females 
(52) . Vander (52) revea 1 ed a nearly i denti cal oxygen cost for arm 
exerc i se on the Schwinn EX2· cyc l e  ergometer as that reported by 
Frankl i n  for men. In ·this  compari son regressions for both males and 
femal es had simi l ar ,  positively s loping l i nes . 
Data from the present study on the Monark Rehab Trainer revea 1 
simi l ar results .  There was no s i gni fi cant di fference i n  oxygen 
consumption C l /mi n . )  between males and females for arm work done 
between 1 50 and 300 kpm/mi n .  At 50 and l 00 kpm/mi n males consumed a 
s i gnifi cantly higher amount of oxygen C l /mi n . >  than did  femal es , l evel 
of s igni fi canc� P<0.001 . As i n  Frankl i n  and Vand°ers studies 
regressions for oxygen cost of arm exerci se are simi l ar in both males 
and fema 1 es .  In contrast, data from the present study revea 1 that 
when trai ni ng on the Monark Rehab Traine·r wi thout shoulder 
stabi l i zation, the predicted oxygen cost of exerc i se at workloads 
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TABLE XIII 
Horkload s .  Oxygen Consumption and Met 
Values for Ant ErgOMetry on the Monark Rehab Trainer 
MALES 
HORK Ckmp/111  n . )  50 1 00  1 50 300 450 600 
V02 Cml/eni n . >  728 856.3 956. 4  1 402. 1 1 833.4 2333 . 8  
BODY HEIGHT METS 
( 1 b)  (kg) 
88 40 5 . 2  6 .  1 6 . 8  1 0 . 0  1 3 .  l 1 6 . 7  
1 1 0  50 4 . 2  4 . 9  5 . 5  8 . 0  1 0 . 5  1 3 . 3  
1 32 60 3 . 5  4 .  1 4 . 6  6 . 7  8 . 7  1 1 .  1 
1 54 70 3 . 0  3 . 5  3 . 9  5 . 7  7 . 5  9 . 5  
1 76 80 2 . 6  3 .  1 3 . 4  5 . 0  6 . 5  8 . 3  
1 98 90 2 . 3  2 .7 3 . 0  4 . 5  5 . 8  7 . 4  
220 1 00  2 .  1 2 . 4  2 . 7  4 . 0  5 . 2  6 . 7  
242 1 10 1 .9 2 . 2  2 . 5  3 . 6  4 . 8  6 .  1 
264 1 20 1 .  7 2 .0  2 . 3  3 . 3  4 . 4  5 .6  
* Tabl e  discontinued above 600 KPH/MIN due to smal l sample  s i ze 
** 1 Met • 3 . 5  m1/kg/m1 n 
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TABLE XIV· 
Horkloads , Oxygen Consumption and Met 
Values for Arm Ergometr.y on the ·Monark Rehab Trainer 
FEMALES 
Hork Ckpm/mi n . )  50 100 150 225 300 
V02 Cml /mi n . )  625 .6  721 . 8  944. 1 1215 . 9  1413.2 
BODY HEIGHT METS 
( l b) (kg) 
88 40 4 . 5  5 . 2  6 .7  8 .7  1o .1  
110 50 3 . 6  4 .  1 5 . 4  6 . 9  8 .  1 
132 60 3 . 0  3 . 4  4 . 5  5 . 8  6 .7  
154 70 2 . 6  2 . 9  3 . 8  5 . 0  5 . 8  
176 80 2 . 2  2 . 6  3 . 4  4 . 3  5 .0  
198 90 2 . 0  2 . 3  3 . 0  3 . 9  4 . 5  
• Table  di scontinued above 300 KPM/MIN due to smal l sampl e s i ze 
•• 1 met • 3 . 5  ml /kg/mi n 
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between 1 50-600 k.pm/mi n 1 s  greater for ma 1 es (mean � 1 31 2 .  3 ± 30 . 9 
ml /min) and females (mean • 314.8  ± 1 9 . 5  ml /mi n ) , than that 
predicted by Frankl i n  and Vander for males and femal es on the Schwi nn 
EX2 cyc l e  ergometer. Thus, the present equations <males ; Y • 2 . 9  x + 
563 .3)  (females ; Y • 3 . 3  x + 436 .3)  may result i n  more appropriate 
work.loads for patients using thi s  type of training device.  
CHAPTER 5 
SU..o4ARY 
It was the purpose of thi s  study to measure the cardiorespi ratory 
responses of mal es and females during submaximal and maximal arm work 
on a Monark. Rehab Trai ner, develop a predi ction equation that may be 
used to estimate the steady-state oxygen cost of arm ergometry when 
di rect measurement i s  not feas ib le  and to compare the resul tant 
predi ction equation devel oped for . the Monark Rehab Trainer wi th 
prediction equations developed by ( Frankl i n ,  et. al . ,  1 983) for males 
and (Vander, et al . ,  1 984) for females , both using a modified Schwinn 
model EX 2 cyc l e  ergometer. 
A review of rel ated l i terature reveal s  that predi ction equations 
for arm ergometry have been developed (21 , 52) . In contrast,  though , 
these were devel qped using a Schwinn EX 2 cyc l e  ergometer. 
Al ternati ve types of arm . ergometers are avai l able  and uti l i zed in the 
cardiac rehab exercise  setting.  For these, such as the Monark Rehab 
Trai ner, a di fferent predi cti on equation for oxygen uptake needed to 
be establ i shed. 
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Fi fteen men and fi fteen women between the ages of 1 9  and 36 served 
as subjects. Arm testing was performed using a Monark Rehab Trainer. 
on which the crank rate and load resistance could  be measured and 
control l ed .  
Hith the exception of work loads. males and femal es were tested 
with i dentical , di sconti nuou s ,  progressive,  multi-stage protocol s .  
Exercise  stages were 3 minutes i n  duration al lowing a 30 second rest 
between stages , which was used to measure blood pressure and record an 
el ectrocardiogram. 
Regresssion equations for predi cting oxygen uptake CV02 ml /mi n>  
were. developed for males and femal es.  and there was no si gnifi cant 
di fference i n  V02 between males and femal es at submaximal work· loads 
between 100 and 300 kpm/mi n .  Al though these equations were simi l ar. 
they were cl early di fferent from those obtained by Frankl i n  for males 
and Vander for females  using the Schwinn EX 2 cyc l e  ergometer. 
A T-test for paired observations was used to cal culate di fferences 
and cardiorespi ratory variables between males and femal es i nc luding 
oxygen uptake pulmonary venti l ation . heart rate , respi ratory exchange 
ratio and rating of perceived exertion. 
Conclusions 
Based on the results of thi s  study. the fol lowing concl usions are 
appropriate. 
There 1 s no di fference between ma 1 es and fema 1 es 1 n pulmonary 
venti 1 ati on CVE) , rating of perceived exertion at 1 50 and 300 kpm, 
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and respi ratory exchange ratio (RER) . There i s  a s 1 gn1 f1cant 
di fference between male and female  subjects 1 n  oxygen uptake CV02) at 
50-100 kpm/mi n al though no di fference was found between the workloads 
1 50 and 300 kpm/m1 n .  Females had a greater heart rate °(HR) than mal es 
at al l workloads 50-300 kpm/mi n .  
I n  thi s study oxygen uptakes from the nonmaximal workl oads were 
used to develop predi ction equations for the steady state oxygen cost 
(V02 ml /11i n . )  of arm crank ergometry using the Monark Rehab Trai ner. 
For males : V02 ml /mi n . •  2 . 9  (kpm) + 563 . 3  Cr - · . 98 ;  SEE • 96 . 3 ) .  
For females : V02 ml /mi n . •  3 . 3  CKPM> + 436 . 3  C r  • .  95, SEE • 88 . 3 ) .  
Thi s  data was compared to predi ction equations for the steady state 
oxygen cost CV02 ml /mi n . )  of arm crank ergometry usi ng the Schwinn EX2. 
cyc l e  ergometer devel oped by Frankl i n  for mal e s :  V02 ml /min . •  3 . 06 
(kpm) + 1 9 1  C r  • .9 1 ; SEE • 191 .6) , and by Vander for females : V02 
ml /mi n • 3 .04 (kpm) + 1 80 Cr • . 86 ;  SEE • 1 47 . 2 ) .  The results suggest 
that when trai ning on the Monark Rehab Trainer wi thout shoulder 
stab1 1 1  zati on, the oxygen cost of work 1 oads between 1 50-600 kpm/mi n .  
1 s greater for ma 1 es  and fema 1 es  than that predicted by Frank 1 1  n and 
Vanders equations . Therefore, the present equation may resul t i n  more 
appropriate workloads for patients using thi s type of training device.  
RecormJendations 
The fol lowing recormJendations are made based on the resul ts and 
experiences gained from thi s study. 
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Comparison studies shou l d  be made i n  which the same subjects are 
tested us ing the same protocal on the Monark Rehab Trai ner, Schwinn 
EX2 cycl e  ergometer, and other upper body ergometers , with and without 
stabi l i zation of the upper body. 
Thi s wi l l  al low for more accurate assessment of di fferences i n  arm 
ergometers and protocal s used i n  arm exercise  testing. It wi l l  al so 
al low for mor� spec i fi c ,  safe and accurate exercise  prescriptions to 
be developed, preventing the tendency towards assuming that . oxygen 
uptake predi ction equations for one arm ergometer may be appl i ed ·to 
other ergometers. 
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APPENDIX A 
INFORMED CONSENT 
50 
The testing to be performed i nvolves varied l evel s of arm exerci se 
usi ng a Monark. arm ergometer. The purpose of thi s study are to: 
1 .  Measure the card1orespi ratory responses of ·men and women 
dur i ng submax1mal and maximal arm work. on a Monark. Rehab 
Trai ner; 
2 .  Develop a prediction equation that may be used to estimate 
the steady state oxygen cost of arm ergometry when di rect 
measurement i s  not feas i b l e ;  and 
3 .  Compare the resul tant predi ction equation developed for the 
Monark. Rehab Trainer with a predi ction equation developed by 
(frankl i n  et al . ,  1 983) for men and (Vander et al . ,  1 984) for 
women,  both us ing a modi fi ed Schwi nn model EX 2 cyc l e  
ergometer. 
In order to partici pate i n  thi s research study, I hereby consent to 
engage vol untary i n  an exercise test on an arm ergometer with the 
amount of effort i ncreasing gradua 1 1  y. The i ncrease i n  effort wi 1 1  
continue unt i l  symptoms such as fati gue, shortness of breath or chest 
di scomfort appear, symptoms which  �ould  i ndi cate that the test should 
be stopped. I recognize that I any vol untar1 1y  stop the exercise  at 
my d i scretion when I have reached a poi nt where I no 1 onger want to 
continue.  During the performance of the test,  trained observers wi 1 1  
keep me under close survei l l ance by monitoring my heart rate, blood 
pressure and el ectrocardiogram. My oxygen consumpti on wi 1 1  a 1 so be 
measured. There exi sts the possibi l i ty of certai n changes occurri ng 
duri ng the test period, these i nc l ude:  abnormal blood pressure, 
fai nting,  di sorders of heart beat, and very rare i nstances of heart 
attack.. I understand that every effort wi l l  be made to minimi ze 
problems duri ng the testi ng.  I al so understand that trained personnel 
wi l l  be avai l able  to deal wi th unusual si tuations should they ari se. 
The sci entific  nature of thi s study requires certa i n  acti vit ies of the 
subjects to be control l ed .  As a parti ci pa:nt, I agree not to consume 
any food . beverage or any other substance other than water 1 ess than 
four hours prior to the testing.  I also agree not to exerc i se the day 
of testing. So as not to enhance the performance of others I agree to 
stri ct confidential i ty of the testing and test results unti l otherwi se 
i nstructed. 
I understand that I am free to wi thdraw consent and di sconti nue 
parti cipation i n  the study at . any time wi thout prejudice.  I al so 
understand that strict confidential i ty of the data and i nformation 
derived wi l l  be mai ntained. 
I have read the foregoi ng .carefu l l y  and .I understand its content. Any 
questions which may have occurred to me concerni ng thi s informed 
consent have been answered to my sati sfaction. 
Date __ _ Si gnature _______ Hitness _______ _ 
MIN KPM HR BP 
bpM 1111/Hg 
0-3 50 96 1 23/78 
4-6 100 101 128/80 
7-9 1 50 1 1 2  1 34/80 
10- 1 2  300 1 29 1 50/86 
1 3- 1 5  450 1 45 144/88 
**16-18  600 176 1 56/70 
0-3 50 63 1 14/70 
4-6 100 69 1 14/78 
7-9 1 50 79 1 24/76 
10-12 300 103 1 30/76 
1 3- 15  450 1 30 1 30/60 
* 1 6-18  600 145 1 36/60 
* V02 MAX 
** V02 MAX AND COMPLETED STAGE 
CALL SUBJECTS CRANKED AT 60 RPM) 
APPENDIX 8 
MALE DATA 
SUBJECT: CC 
VE 
1 /111  n 
1 9 . 99 
22.08 
2 2 . 88 
33 . 70 
56.76 
98.43 
SUBJECT: 
1 4 .  1 6  
1 8 .20 
22.44 
32 . 87 
46.40 
59 . 88 
V02 
l /111  n 
. 768 
1 .00 
. 973 
1 .51 
1 .85 
2 . 48 
cs 
. 679 
.797 
. 983 
1 .  301 
1 .  682 
2 .220 
V02 
ntl /kg 
9 . 1 8  
1 2 .05 
1 1 .64 
1 8 . 02 
22 . 1 2  
29 .72 
9 . 67 
1 1 . 34 
1 3 . 99 
1 8 . 51 
23 . 94 
31 . 59 
51 
VC02 RER RPE 
l /111 n 
. 66 .86 8 
. 85 . 83 10 
. 84 . 87 12 
1 . 14 .86 1 5  
1 . 93 1 .04. 18  
2 . 87 1 .  1 5  1 9  
. 56 . 82 9 
. 69 . 86 1 1  
. 88 .89 12 
1 .34 1 .03 1 4  
1 . 85 1 .09 1 6  
2 . 30 1 .03 19  
MIN KPM HR 
bpm 
0-3 50 79 
4-6 100 82 
7-9 1 50 89 
10-1 2 300 109 
1 3-15  450 1 33 
1 6-18  600 1 59 
* 19-21 750 1 88 
0-3 50 84 
4-6 100 85 
7-9 1 50 87 
10-1 2 300 1 1 6  
1 3�15  450 141  
1 6-18  600 1 61 
* 1 9-21 750 186 
· • V02 MAX 
APPENDIX B CONTINUED 
MALE DATA 
SUBJECT: MH 
BP VE V02 
nm/Hg l /mi n 1 /mi n 
1 42/84 1 6 .  1 2  . 7 1 9  
1 48/78 1 9 .74 .895 
1 48/80 22 . 25 1 .002 
1 54/74 33.31 1 .438 
1 64/60 45 . 83 1 .  976 
1 70/60 66.25 2 . 347 
1 74/60 96 .58 2 . 8 1 7  
SUBJECT: GG 
1 36/88 1 7 .22 . 768 
1 58/92 22 .23 . 939 
1 62/92 25.79 1 . 1 34 
1 62/88 34. 14  1 .457 
1 98/72 46.34 1 .839 
1 98/104 74.27  2 .  391 · 
1 98/70 99. 1 0  2 . 925 
•• V02 MAX AND COMPLETED STAGE 
CALL SUBJECTS CRANKED AT 60 RPM: 
52 
V02 VC02 RER RPE 
ml/kg 1 /mi n 
9 .  1 3  . 60 .82 7 
1 1 .36 .76 . 85 8 
1 2 . 73 . 87 .86 10 
1 8 . 24 1 .40 . 97 13  
25 .07 1 . 97 .99 15 
29.80 2 . 60 1 . 1 1  18 
35.76 3 . 1 6  1 .  1 9  1 9  
9 .99 . 61 .78 7 
1 2 . 23 .81  .86 9 
1 4. 77 1 .00 . 88 10 
1 8 . 98 1 .45 . 99 13  
23 .95 1 . 93 1 .07 15  
31 . 1 5  2 . 83 1 .  18  1 8  
38.08 3.28 1 .  12  19  
MIN KPM 
0-3 50 
4-6 100 
7-9 1 50 
1 0-12  300 
1 3 .  1 5  450 
1 6-18  600 
*19-21 750 
0-3 50 
4-6 100 
7-9 1 50 
10- 1 2  300 
* 1 3 . 1 5  450 
* V02 MAX 
HR 
bpm 
86 
95 
101 
1 2 1  
141  
1 58 
1 67 
100 
109 
1 25 
1 43 
158 
APPENDIX B CONTINUED 
MALE DATA 
SUBJECT: OM 
BP VE V02 
mm/Hg 1 /mi n 1 /mi n 
1 40/74 1 8  .41 .846 
1 54/86 21 . 90 . 905 
1 44/76 23.46 1 .002 
1 64/60 34.95 1 .472 
1 60/60 50.78 1 .  932 
1 54/60 71 . 51 2 . 304 
1 60/60 95.45 2 . 612  
SUBJECT: DC 
1 34/70 1 7 . 40 
1 40/68 1 9 . 02 
1 52/64 25.46 
1 56/60 41 . 1 8  
. 582 
. 646 
. 861 
1 . 360 
V02 VC02 
ml /kg 1 /min 
10 .5 1  .73 
1 1 . 78 . 85 
1 3 .06 . 95 
1 9 .  1 7  1 .57 
25. 1 6  2 .  1 7  
29.99 2 . 66 
34.01 2 .88 
7 . 05 . 57 
7 . 82 . 61 
10 .42 .85 
1 6 . 60 1 .46 
142/56 66.03 1 . 980 24.06 2 . 18 
** V02 MAX AND COMPLETED STAGE 
CALL SUBJECTS CRANKED AT 60 RPM) 
53 
RER RPE 
. 91 8 
.93 9 
. 94 9 
1 .07 10 
1 . 1 2  13  
1 . 1 6  1 5  
1 .  1 7  18  
. 93 9 
. 94 1 1  
. 98 13 
1 • 07 15  
1 .09 18  
�IN KPM HR 
bpm 
0-3 50 72 
4-6 100 76 
7-9 1 50 86 
1 0-12  300 1 00 
1 3-15  450 13 1  
* 1 6- 1 8  600 1 42 
0-3 50 72 
4-6 100 79 
7-9 1 50 82 
10-12 300 1 2 1  
**13-15 450 1 53 
• V02 MAX 
APPENDIX B CONTINUED 
MALE DATA 
SUBJECT: GR 
BP VE V02 
11111/Hg 1 /min 1 /mi n 
1 24/74 1 6 .  1 0  . 675 
1 10/74 1 8 . 88 .699 
1 30/70 21 .45 . 8 1 2  
1 40/70 33 .79 1 . 276 
1 42/70 72 . 93 1 . 736 
1 50/70 7 1 . 91 1 .  9 1 7  
SUBJECT: SC 
1 20/80 1 8 . 1 3  . 743 
1 36/84 55.62 . 854 
1 36/76 23 .24 . 997 
144/78 37 . 52 1 . 55 
174/70 72 .65 2 . 20 
• •  V02 MAX AND COMPLETED STAGE 
CALL SUBJECTS CRANKED AT 60 RPM) 
54 
V02 VC02 RER RPE 
ml/kg 1 /m1n 
8 . 1 0  . 58 .85 1 1  
8 . 39 . 63 . 89 10 
9 . 74 .76 . 93 1 2  
20. 1 9  1 .  27 - . 99 16  
20.85 2 .  1 6  1 . 24 19  
23.02 2 . 07 1 .08 20 
1 1 . 50 . 7 1  . 96 12 
1 3 . 21 . 74 . 86 1 2  
1 5 . 45 . 97 .97 14 
24 . 07 1 .  72 1 .  10 17  
34 .01 2 . 90 1 .31 19 
MIN KPM HR 
bpm 
0-3 50 76 
4-6 100 82 
7-9 1 50 85 
1 0-12  300 108 
1 3-15  450 146 
**16-1 8 600 1 65 
0-3 50 94 
4-6 100 1 14 
7-9 1 50 1 50 
*10- 1 2  300 1 65 
0-3 50 80 
4-6 100 97 
7-9 1 50 102 
10-1 2 300 1 27 
* 1 3-15  450 148 
* V02 MAX 
APPENDIX B CONTINUED 
· MALE DATA 
SUBJECT: JA 
BP VE . V02 
11111/Hg 1 /m1n l /m1n 
1 12/60 31 .89 . 6 1 1  
1 34/70 30.97 .723 
1 38/80 26 . 30 .826 
144/80 28.97 1 .3 15  
146 . 70 44.20 1 . 687 
1 50/70 82 .42 2 .230 
SUBJECT: JY 
1 24/80 1 7 .89 . 646 
1 34/80 23 . 91 . 934 
140/70 24.59 . 895 
1 40/76 44.46 1 . 50 
SUBJECT: TC 
124/94 1 6 . 90 .733 
144/94 22 . 52 . 836 
1 52/94 2 7 . 30 1 .056 
1 58/88 37.53 1 .394 
1 56/94 50.53 1 .  761 
** V02 MAX AND COMPLETED STAGE 
(ALL SUBJECTS CRANKED AT 60 RPM) 
55 
V02 VC02 RER RPE 
ml/kg l /m1n 
9 . 60 . 82 1 . 36 8 
1 1 .32 . 80 1 .  1 0  1 1  
1 2 . 98 .79  . 97 13 
20 . 65 1 . 1 5  . 87 15 
26.49 1 .  76 1 .04 1 7  
35.01 2 . 50 1 . 1 2  19  
1 1 . 88 . 65 . 99 8 
1 7 . 21 . 88 . 94 9 
1 6 . 48 . 92 1 .03 10 
2 7 . 57 1 .  73 1 . 1 5  1 5  
9 . 48 . 52 . 70 8 
10 .8 1  . 7 1  . 85 1 1  
1 3 .65 . 98 .92 12 
1 8 .01 1 . 39 . 99 1 5  
22 . 76 1 . 89 1 . 1 1  19  
MIN KPM HR 
bpm 
0-3 50 78 
4-6 100 84 
7-9 1 50 91 
10-12 300 1 22 
1 3- 1 5  450 1 52 
**16- 1 8  600 178  
0-3 . 50 105 
4-6 100 1 1 3  
7-9 1 50 1 22 
10- 1 2  300 1 43 
1 3- 1 5  450 1 74 
* 1 6-18  600 1 92 
* V02 MAX 
APPENDIX B CONTINUED 
MALE DATA 
SUBJECT: JF 
BP VE V02 
m/Hg 1 /mi n 1 /min 
1 30/82 1 3 .49 • 748 
1 30/80 1 5 .56 . 821 
140/68 1 8 . 08 . 924 
1 58/60 30.38 . 1 37 
1 54/50 48 .00 1 .  775 
174/50 92 .08 2 . 465 
SUBJECT: DO 
1 34/80 1 8 . 58 . 836 
142/76 21 . 65 .939 
1 46/68 23.96 1 . 100 
1 52/60 35 . 50 l .  501 
1 40/70 52 . 1 0  l .  961 
178/50 65.89 2. 670-
· �  V02 MAX ANO COMPLETED STAGE 
CALL SUBJECTS CRANKED AT 60 RPM) 
56 
V02 VC02 RER RPE 
ml /kg 1 /mi n 
9 .20 . 59 .77 8 
10 .  10 . 70 .85 1 1  
1 1 .  37 . 82 .88 12  
1 6 . 90 1 . 39 1 .01 1 4  
2 1 . 83 2 .00 1 . 1 3  1 6  
30.32 2 .  91 1 . 23 19 
8 . 94 . 7 1  . 85 9 
10 .04 . 82 .87 10 
1 1 .  76 .95 .86 12 
1 6 .06 1 .48 . 98 14 
20 . 97 2 .09 1 .06 17 
28.56 2 . 64 . 98 1 9  
... J 
MIN KPM HR 
bpm 
0-3 50 84 
4-6 100 90 
7-9· 1 50 1 06 
10-12 300 1 28 
* 1 3-15  450 15 1  
0-3 50 71  
4-6 1 00 85 
7-9 1 50 93 
1 0-12  300 l04 
1 3-15  450 1 27 
1 6-18  600 147 
* 19-21 750 1 66 
* V02 MAX 
APPENDIX B CONTINUED 
MALE DATA 
SUBJECT: TC 
BP VE V02 
mm/Hg l /m1 n 1 /m1 n 
1 20/86 22 .68 . 684 
1 28/80 23.84 . 738 
132/70 30.54 . 948 
1 38/70 41 . 76 1 .26 
1 20/70 64 � 2 1  1 .  8 19  
SUBJECT: RF 
1 62/94 1 9 . 80 . 9 1 9  
1 64/90 21 .2 1  1 .0 12  
174/84 23.40 1 .07 
1 80/80 33 . 30 1 .423 
202/60 47 . 86 1 . 897 
200/60 70.02 1 .  315  
200/60 1 14 .  33 2 . 729 
** V02 MAX AND COMPLETED STAGE 
(ALL SUBJECTS CRANKED AT 60 RPM) 
57 
V02 VC02 RER RPE 
ml/kg 1 /m1 n 
9.22 . 63 .93 9 
9 . 95 . 69 . 94 12 
1 2 . 78 .98 1 .03 13  
17  .01 1 .41 1 . 1 2  15 
24.52 2 . 1 0  1 . 1 5  17  
9 . 47 . 77 .8-3 7 
10 .43 . 89 .88 8 
1 1  .09 .96 . 90 9 
1 4 . 67 1 .42 1 .00 12 
1 9 . 56 2 . 03 1 .07 14  
23.65 2 . 68 1 . 17 1 7  
28. 1 3  3 . 30 1 .21  19  
MIN KPM HR BP 
bpm nm/Hg 
0-3 50 95 1 28/76 
4-6 100 1 1 4 1 34/86 
7-9 1 50 123 144/70 
10- 1 2  225 1 50 1 50/80 
* 1 3-15  300 1 67 1 54/70 
0-3 50 1 1 6  . 1 44/74 
4-6 100 1 39 1 48/54 
7-9 1 50 1 43 160/54 
10:..1 2  225 167 1 54/60 
* 13-15 300 175 1 54/60 
* V02 MAX 
•• V02 MAX AND COMPLETED STAGE 
CALL SUBJECTS CRANKED AT 60 RPM) 
APPENDIX C 
FEMALE DATA 
SUBJECT: KS 
VE V02 
l /min l /mi n 
1 7 .28 . 684 
1 9 .97 . 8 1 1  
24.28 1 .017 
36 .35 1 . 335 
54 . 66 1 .  956 
SUBJECT: SB 
1 5 . 09 . 660 
1 7 .  1 3  . 675 
22.72 . 934 
32 . 83 1 .  1 64 
44. 1 8  1 . 389 
58 
V02 VC02 RER RPE 
ml/kg l /min 
1 1  . 24 . 61 .88 8 
1 3 . 33 . 73 .89 9 
1 6 .  7 1  . 92 . 90 1 2  
21 . 92 1 . 36 1 .02 15  
32 . 1 2  2 . 06 1 .05 17 
1 2 . 00 . 59 . 89 6 
1 2 . 27 . 64 . 95 7 
1 6 . 98 . 90 . 96 8 
21 . 21  1 . 24 1 .06 13 
25 . 25 1 . 55 1 . 10 17 
MIN KPM 
0-3 50 
4-6 1 00  
7-9 1 50 
10-12 225 
• 13-15  300 
0-3 50 
4-6 100 
7-9 1 50 
• 1 0-12  225 
0-3 
4-6 
50 
100 
7-9 1 50 
"•10-12  225 
• V02 MAX 
HR 
bptl 
126 
1 50 
1 72 
1 88 
1 92 
123  
1 30 
1 59 
1 75 
102 
1 1 6  
1 38 
1 60 
APPENDIX C CONTINUED 
FEMALE DATA 
SUBJECT: LO 
BP VE V02 V02 VC02 
nR/Hg l /111 n l /m1 n ml /k.g 1 /m1 n 
1 38 . 86 1 8 . 85 . 699 1 1 .06 . 57 
1 36/74 22.55 .802 1 2 . 68 . 70 
1 32/60 31 .81  1 .03 1 6 .40 . 99 
1 40/70 43 .5 1  1 . 29 20.51 1 . 33 . 
1 34/70 49.42 1 . 359 21 . 51 1 . 34 
SUBJECT: TQ 
1 26/88 1 7 . 7 1  
1 32/86 22 . 1 7  
1 36/88 35 . 86 
148/88 51 . 39 
.665 
. 767 
1 .046 
1 . 242 
1 1 . 1 2  .49 
1 2 . 84 . 73 
1 7 .  50 1 .  1 1  
20777 1 . 35 
SUBJECT: DG 
1 10/70 
1 14/70 
1 40/70 24. 1 7  
144'/70 40. 92 
. 963 1 6 . 1 9  . 98 
1 . 506 25.31 1 . 65 
•• V02 MAX AND COMPLETED STAGE 
CALL SUBJECTS CRANKED AT 60 RPM) 
RER 
.80 
.87 
. 96 
1 .02 
. 98 
. 75 
. 95 
1 .06 
1 .08 
1 .03 
1 .09 
59 
RPE 
10 
. 14 
17  
1 9  
20 
7 
10 
15  
17  
7 
9 
13  
17  
MIN KPH HR 
bpt11 
0-3 50 97 
4-6 100 102 
7-9 1 50 13 1  
**10- 1 2  225 1 64 
0-3 50 75 
4-6 100 1 20 
7-9 1 50 1 38 
1 0-12  225 160 
1 3-1 5 300 179 
* 1 6-18  375 1 80 
* V02 MAX 
APPENDIX t CONTINUED 
FEMALE DATA 
SUBJECT: LH 
BP VE V02 
11111/Hg 1 /m1 n 1 /min 
1 1 8/70 1 4 . 02 . 601 
1 30/70 20 . 72 . 733 
1 30/70 25.92 . 909 
1 34/70 43 .23 1 . 29 
SUBJECT: KT 
1 10/70 1 2 . 62 . 6'1 6  
1 5 . 26 . 694 
1 48/80 21 . 1 5  . 948 
1 50/70 32 .00 1 .25 
146/70 48 . 22 1 .  565 
146/70 50. 16  1 .633 
** V02 MAX AND COMPLETED STAGE 
CALL SUBJECTS CRANKED AT 60 RPM) 
60 
V02 VC02 RER RPE 
ml/kg 1 /min 
9. 1 9  .47 . 79 9 
1 1 .22 . 69 . 94 1 1  
1 3 .  91 .85 . 93 15  
1 9.74 1 .42 1 . 10 18  
1o·. 8 1  .47 . 76 7 
1 2 .  1 8  . 61 .87 10 
1 6 . 65 . 87 • -g 1 13  
21 .97 1 . 24 .99 15  
27 .46 1 . 61 1 .03 
28 .66 1 .85 1 . 1 3  
MIN KPM HR 
bpm 
0-3 50 104 
4-6 100 1 1 7  
7-9 1 50 1 35 
10-12  225 1 58 
**13- 1 5  300 1 70 
0-3 50 90 
4-6 1 00 98 
7-9 1 50 106 
1 0- 1 2  625 125  
1 3-1 5 300 1 52 
* 1 6- 1 8  375 1 67 
* V02 MAX 
APPENDIX C CONTINUED 
FEMALE DATA 
SUBJECT: CE 
BP VE V02 
11111/Hg 1 /m1 n 1 /m1 n 
1 30/90 1 5 .  1 2  . 665 
146/90 1 9 .00 . 772 
1 36/60 24.27 .983 
1 58/80 33.52 1 .2 1 3  
1 44/70 52 .4 1  1 .496 
SUBJECT: CK 
1 1 4/70 1 6 . 9  . 635 
1 26/70 1 9 . 76 . 782 
1 34/60 23.74 . 909 
140/58 34.02 1 . 1 64 
140/50 48.83 1 .545 
1 44/60 69 . 34 1 .  946 
•• V02 MAX AND COMPLETED STAGE 
(ALL SUBJECTS CRANKED AT 60 RPM) 
61 
V02 VC02 RER RPE 
ml /kg . 1 /m1 n 
10 .40 • 61 . 92 10 
1 2 .09 .78 1 . 01 1 1  
1 5 . 38 1 .00 1 .03 14  
1 8 . 98 1 .37 1 . 14  1 8  
23.42 1 .87 1 . 25 1 9  
1 0.09 .606 . 920 10 
1 2 .42 . 763 .970 12 
14 .43 . 900 .990 13  
1 8 . 47 1 . 232 . 1 .050 16  
24.53 1 .  731 1 . 1 20 1 8  
30 . 90 2 . 2 1 0  1 . 1 30 20 
MIN KPM HR 
bpm 
0-3 50 1 28 
4-6 100 1 41 
7-9 1 50 1 53 
1 0-12  225 1 74 
* 1 3- 1 5  300 1 7 1  
0-3 50 100 
4-6 1 00 105 
7-9 1 50 120 
1 0-12  225 141 
13- 1 5  300 1 55 
* 1 6- 1 8  375 1 65 
* V02 MAX 
APPENDIX C CONTINUED 
FEMALE DATA 
SUBJECT: KL 
BP VE V02 
nm/Hg 1 /m1 n 1 /m1 n 
1 50/60 , 1 5 .41 . 6 1 6  
1 50/60 1 8 .84 . 782 
1 58/62 24.24 . 983' 
1 54/70 37 . 1 5  1 .  271 
1 36/70 45 . 96 1 .438 
SUBJECT: LL 
1 10/70 10 .48 . 508 
1 10/60 1 3 . 38 . 6 1 6  
106/68 1 6 .79 . 760 
128/64 23. 1 9  l .012  
1 40/70 28.79 1 .291 
1 34/50 53.42 1 .829 
** V02 MAX ANO COMPLETED STAGE 
(ALL SUBJECTS CRANKED AT 60 RPM) 
62 
V02 VC02 RER RPE 
ml/kg 1 /m1 n 
9 . 55 .6 16  1 .00 12  
1 2 .  13  . 782 . 99 1 3  
1 5 . 24 .968 , 99 1 5  
1 9 .  72 1 .428 1 .07 1 9  
22 . 29 1 .829 1 .27 20 
8 .77 ·.410 . 800 7 
1 0 . 62 . 528 .850 9 
1 3 .  1 0  .648 .850 1 1  
1 7 . 45 . 948 . 930 1 3  
22 .26 1 . 216 . 940 1 6  
31 .54 1 .  995 1 .090 1 9  
MIN KPM HR 
bp11 
0-3 so 1 1 9  
4-6 1 00  1 26 
7-9 1 50 141  
1 0-12 225 1 56 
* 1 3-15  300 1 64 
0-3 50 1 20 
4-6 1 00  143 
**7-9 1 50 1 63 
0-3 50 1 07 
4-6 100 98 
7-9 1 50 98 
10-12 225 1 1 7  
1 3-15  300 129 
1 6-18  375 146 
**19-21 450 1 7 1  
* V02 MAX 
APPENDIX C CONTINUED 
FEMALE DATA 
SUBJECT: MH 
BP VE V02 
Rn/Hg 1 /m1 n 1 /m1 n 
140/76 1 5 . 67 . 660 
140/60 1 8 .  1 3  .709 
1 60/60 23.57 . 875 
1 64/60 34. 8 1  1 .  1 78 
. 1 66/60 44 . 44 1 .  379 
SUBJECT : EF 
1 1 8/78 1 4 .  1 3  .498 
1 32/70 1 8 . 67 . 6 1 6  
128/70 34. 57 .929 
SUBJECT: NR 
1 1 0/80 22.45 .547 
1 24/80 20 .51  . 542 
146/80 1 7 .75 . 860 
140/80 30 . 51 1 . 232 
1 50/60 36. 1 6  1 .350 
44.77 1 .  6 17  
1 60/70 66.70 2 . 044 
** V02 MAX ANO COMPLETED STAGE 
(ALL SUBJECTS CRANKED AT 60 RPM) 
63 
V02 VC02 RER RPE 
ml/kg 1 /m1n 
1 2 .  1 2  . 56 .85 12 
1 3 .01 . 67 . 95 13  
1 6 .06 . 86 . 98 14 
2 1 . 63 1 . 27 1 .07 17 
25.30 1 .41 1 .02 19  
1 1 .01 .48 .95 9 
1 3 . 60 . 63 1 .02 12  
20 .51  1 . 1 2  1 .21 20 
8 .04 . 54 1 . 01 7 
7 . 97 .46 .84 9 
1 2 . 63 . 61 . 70 10 
1 8 .09 1 . 1 2  . 91 12 
1 9 .82 1 . 35 1 .00 15  
23.74 1 . 57 1 .00 1 7  
-
30.02 2 .22 1 .08 19  
MIN KPH HR 
bpm 
0-3 50 108 
4-6 100 1 1 2  
7-9 1 50 1 33 
10-1 2 225 1 50 
1 3-1 5 300 1 54 
* V02 MAX 
APPENDIX C CONTINUED 
FEMALE DATA 
SUBJECT: SH 
BP VE V02 
nm/Hg l /mi n l /min 
1 32/74 1 6 . 97 .699 
1 38/78 20.95 .797 
1 42/76 27 .86 . 988 
1 32/78 42 .78 1 . 257 
146/74 66.45 1 .  741 
** V02 MAX AND COMPLETED STAGE 
CALL SUBJECTS CRANKED AT 60 RPM) 
64 
V02 VC02 RER RPE 
ml /kg 1 /mi n 
1 2 .24 . 65 . 93 1 1  
1 3 .96 . 79 .99 12  
1 7 . 30 1 .04 1 .06 15  
22.01 1 .45 . 1 . 1 5  17  
30.49 1 . 98 1 . 1 1  1 9  
SUBJECTS 
c.c.  
c .s .  
M .H .  
G . G .  
O . M .  
D . C .  
G . R .  
s . c .  
J .A .  
J.Y.  
J .C.  
J . F .  
O . D .  
J .C .  
R . F .  
APPENDIX 0 
EXERCISE HABITS OF SUBJECTS PER HEEK 
MALES 
EXERCISE 
Height l i fts 3 days 
Run 40 mi . Bike 80 mi . Swim 3 mi . 
Run 1 5  m1 . Bike 50 mi . Swim 
Run 40 m1 . Bike 60 mi . Swim 3 mi . 
Run 25 mi . Bike 40 mi . Swim 5 mi . 
Run 20 mi . 
Run 1 5  mi . Height l i fts 6 days 
Run 40 mi . Bike 1 20 mi . 
B ike 80 m1 . Swim 4 mi . 
Swim 1 mi . 6 days 
Li ft weights 4 days 
Lift weights 3 days 
Run 20 mi . 
Halk 1 5  mi . 
Run 1 5  m1 . Bike 50 mi . 
65 
SUBJECTS 
K.S.  
s . B .  
L . D .  
T .Q.  
D.G.  
L . H .  
K.T.  
C . E .  
K.C. 
K . L .  
L . L .  
M . H .  
C . F .  
N . R .  
S .H .  
APPENDIX D CONTINUED 
EXERCISE HABITS OF SUBJECTS PER HEEK 
FEMALES 
EXERCISE 
Runs 10 m1 . 
Runs 6 m1 . Bikes 20 m1 . 
Swim 1 /2 mi . Aerobics 5 Height l i fts 3 days 
Bikes 20 mi . 
Runs 1 8  mi . 
Inactive 
Swims 3 mi . Bikes 20 mi . Height l i fts 3 days 
Runs 10 mi . 
Run 50 mi . Bike 200 mi . 
Inactive 
Swim 4 mi . Bike 80 mi . Run 20 mi . 
Run 1 0  mi . Aerobics 4 times Bikes 50 m1 . 
Inactive 
Run 1 0  m1 . Bike 50 mi . Swim 4 m1 . 
Run 1 0  mi . 
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